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Indian Standard 

GUIDE ON MAINTAINABILITY OF EQUIPMENT 

PART 7 COLLECTION, ANALYSIS AND PRESENTATION OF 
DATA RELATED TO MAINTAINABILITY 

0. FOREWORD 

0.1 This Indian Standard ( Part 7 ) was adopted by the Indian Standards 
Institution on 16 July 1984, after the draft finalized by the Reliability of 
Electronic and Electrical Components and Equipment Sectional Committee 
had been approved by the Electronics and Telecommunication Division 
Council. 

0.2 This guide is intended to make recommendations for the standardiza- 
tion of maintainability practices, and to stimulate ideas in the maintaina- 
bility field* Organizations acquiring items will find the guide useful in 
assisting them in defining maintainability requirements and in associated 
programmes. Item suppliers will benefit from use of the guide, gaining 
an understanding of the requirements for achieving and verifying 
maintainability objectives, 

0.3 This standard, Part 7 in the series on ' Guide on maintainability of 
equipment ' is intended to present a suggested approach for the collection, 
analysis and presentation of data related to maintainability. The other 
parts of this standard are as follows: 

Part 1 Introduction to maintainability 

Part 2 Maintainability requirements in specifications and contracts 

Part 3 Maintainability programme 

Part 4 Test and diagnostic procedures 

Part 5 Maintainability studies during the design phase 

Part 6 Maintainability verification 

0.4 In the preparation of this standard, assistance has been derived from 
the IEC Document 56 ( Secretariat ) 157 Draft ~ ( Guide on maintainabi- 
lity of equipment: Part 7 Collection, analysis and presentation of data 
related to maintainability 1 , issued by the International Electrotechnical 
Commission ( IEC ). 
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0.5 This standard is one of a series of Indian Standards on reliability of 
electronic and electrical components and equipment. A list of standards 
published so far in this series is given on 4th cover page. 



1. SCOPE 

14 This standard ( Part 7 ) gives information on collection, analysis and 
presentation of data related to maintainability. 

2. TERMS AND DEFINITIONS 

2.1 For the purpose of this standard, the following definitions shall apply 
in addition to those specified in IS : 1885 ( Part 39 )-1979* and IS : 7690- 
1975% 

2.1.1 Maintenance Policy — A description of the inter-relationship 
between levels of maintenance, indenture levels, and lines of maintenance 
to be applied for the maintenance of an item. 

2.1.2 Maintenance Concept — Application of a general maintenance policy 
to a specific item. 

3. INTRODUCTION 

3.1 Maintainability related data are required at several points during the 
item life cycle for evaluation purposes. It is the objective of this part of 
the guide on maintainability of equipment to provide an overview of the 
considerations to be taken in the collection, analysis and presentation of 
maintainability related data, 

3.2 Collection, analysis and presentation of maintainability related data 
may be required during and at the completion of design and during item 
production and operation. Such data are typically submitted by the item 
supplier to the intended user in a maintainability data report which 
presents the data along with the supporting rationale. Key maintainabi- 
lity characteristics of (concern are corrective and preventive maintenance 
downtime and manhours. Maintenance support information should also 
be provided defining the personnel and facilities required. 

3.3 In the presentation of maintainability related data, it is important to 
consider the maintenance concept, the definitions of terms, the description 
of data sources, the analysis procedures, and the method for displaying the 
data. The suggested scope for each of these factors is outlined in this 
part of the guide. 



♦Electrotechnical vocabulary: Part 39 Reliability of electronic and electrical items 
( first revision ) . 

•{■Mathematical guide to the terms and definitions for reliability of electronic 
equipment and components ( or parts ) used therein. 
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4. MAINTENANCE CONCEPT DEFINITION 

4.1 In order to provide a clear understanding of the maintainability 
related data to be presented, it is essential that the item maintenance 
concept for which the data is applicable is defined. The type of informa- 
tion that typically is required to describe the applicable maintenance 
concept is illustrated in Appendix A. 

5. DATA SOURCES 

5.1 General — Maintainability related data may be developed from 
several sources such as the following: 

a) Historical data from similar items, 

b) Item design/manufacturing data, and 

c) Item demonstration and field data. 

5.1,1 Points for consideration in describing each of these data sources 
ate given in 5.2 to 5.4, 

5.2 Historical Data — The origin of the historical data ( field operation, 
repairshop experience ) and the item on which they are based should 
be described and the rationale for their applicability to the current 
item presented. Methods used to collect the data along with training and 
skill level of maintenance personnel observed should be stated. Differences 
that could be expected to effect the applicability of historical data to the 
item under consideration should be discussed [ see IS : 9692 ( Part 6 )- 
1983*]. 

Historical data should primarliy be used during the concept defini- 
tion phase for specification purposes. In later phases of the item life cycle, 
they should be considered in relation to actual data gained on the current 
item itself. 

5.3 Item Design/Manufacturing Data — If maintainability related 
data are developed from data generated during the design /manufacturing 
phase ( development tests, manufacturing or assembly lines ) through the 
use of design analysis or prediction, the method used shall be identified. 
A discussion should be provided of how the method was selected and 
applied along with noting any possible limitation in data accuracy. 

Item qualification and acceptance with regard to maintainability 
should primarily be based on design/manufacturing data. 



'Guide on maintainability of equipment; Part 6 Maintainability verification. 



IS : 9692 ( Part 7 ) - 1984 

5,4 Item Demonstration and Field Data — Maintainability related 
data may be developed from demonstration tests conducted using proto- 
type hardware or from data generated during item use ( repair workshop, 
field operations ). Methods of selecting maintenance actions, data 
monitoring and recording techniques should be described. Skill level of 
maintenance personnel and the training they had received should be noted. 
Several maintainability verification techniques have been stipulated in 
IS : ^692 ( Part 6 )-1983*. The feedback of demonstration and field data 
is the primary basis for sustaining engineering activities during the in- 
service phase of the item life cycle. 

6. ANALYSIS PROCEDURES 

6.1 When presenting maintainability related data for the purpose of testing 
the compliance with stated maintainability requirements as well as for 
determination purposes, the analysis procedures used should be described. 
The points of concern include the following: 

a) Data editing, 

b) Distribution analysis, and 

c) Parameter computation. 

6. 1.1 Data Editing — Actions taken to assure the accuracy, complete- 
ness and validity of the data should be described. If any censoring is 
performed, the rules used and reasons for performing these operations 
should be presented, 

6.1.2 Distribution Analysis — If the maintainability related data is to be 
treated parametrically it is necessary to determine the distribution of the 
basic data. The method to be used in testing the distribution form should 
be described along with the rationale for its selection. Common methods 
for distribution analysis include the Chi square, Kolmogorov-Smirnov and 
graphical tests. Appendix B to this standard provides further information 
on distribution analysis methods. 

6.1.3 Parameter Computation — The basis for computing all maintainabi- 
lity parameters to be presented should be stated. If selected parameters 
are to be computed on a cumulative or interval basis, the method to be 
used should be detailed. If maintainability mathematical models are to 
be used, they should be fully described. Appendix B provides guidance 
on the computation of the arithmetic and geometric means, confidence 
limits and selected fractiles for the lognormal, normal and multimodal 
distributions, which are most commonly used in maintainability. For 
other distribution types, corresponding values can be found in statistical 
textbooks. 



*Guide on maintainability of equipment; Part 6 Maintainability verification 
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7. DATA DISPLAY 

7.1 Maintenance data displays are typically developed for the following: 

a) Corrective actions, and 

b) Preventive actions. 

In addition, maintenance support data should be presented to provide 
necessary background information. 

7.2 Corrective Maintenance — Corrective maintenance time is typically 
expressed in active repair time comprised of several subelements. 
Appendix C presents a typical summary recording of the details of a series 
of active repair elements included in corrective maintenance. The form 
provides for identifying the failed unit ( unit reference ), the type of 
failure considered (fault), the technician(s) performing maintenance 
( name ) , the number of men required, and the several elements of down- 
time. It would be applicable for data derived from development or 
operational tests. Data derived from historical or prediction sources may 
be presented on the basis of expected average ( mean ) or median values 
rather than by individual tasks. Appendix D illustrates the form that data 
from these sources could take along with summarized ( averaged ) test 
data. In this form, for each major sub unit of the item, the average 
active repair time is shown along with its standard deviation. If desired, 
selected fractiles could be displayed in lieu of the standard deviation, 
that is, 95th fractile. 

Other parameters sometimes used to characterize certain aspects of 
corrective maintenance include the following: 

a) Automatic failure detection ratio ( item operating ), 

b) Automatic failure recovery ratio, 

c) Automatic or manual failure localizing with accuracy of 1 to n 
plug in units, 

d) Efficiency of automatic or manual repair procedures, and 

e) Mean or fractile active recovery time. 

Average values for these parameters may be derived from historical 
or prediction sources and summarized test data. 

7.3 Preventive Maintenance — Presentation of preventive maintenance 
data requires that the duration of the tasks be identified along with their 
frequency. Appendix E illustrates the form to present these data. 
Preventive maintenance times are usually expressed as active preventive 
maintenance time. Observed non-active preventive maintenance down 
time can be added when necessary. To aid maintenance planning 
estimated maintenance manhours for each task are also desired. In 
addition to the detailed task information an overall summary of preventive 
maintenance times should be presented. 
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7.4 Maintenance Support Data — Maintenance support data may be 
required to aid the item user to properly plan for its support. Appendix F 
illustrates the type of information that may be required. Principal data 
elements should be supported by information on the recommended 
maintenance concept, training requirements, special tools, or other support 
equipment and technical documentation used. Additionally the item 
maintenance requirements should be detailed in terms of major mainte- 
nance tasks to be performed and the requirements for personnel skills and 
support equipment, along with their impact on downtime and manhours. 

Further parameters such as the following can sometimes be used to 
cover certain maintenance support aspects and may be added as 
required: 

a) Mean or fractile administrative recovery time, 

b) Mean or fractile administrative repair time, 

c) Spare parts usability ratio, 

d) Mean or fractile delivery time of spare parts repair, and 

e) Mean or fractile delivery time of software repair. 



APPENDIX A 

( Clause 4.1:,) 

EXAMPLE OF THE MAINTENANCE CONCEPT INFORMATION 

Item Reference Date 

Item Description 

Item Function - 



Maintenance Concept 

Lines of Replacement Skill Suppobt Equipment Technical Documentation Training 

Maiste- Level Requirements Requirements Requirements Requirements 

nance* 

1. On-Item __ . __ 

(Organi- m 

zational ) ^ 

2. Local _ „ . _ g 

( Inter- N3 

mediate ) ""* 

3. Depot . __ J| 

__ i 

♦Lines of maintenance are illustrative only. The lines used should be consistent with item maintenance needs and 5 

use location. _J 
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APPENDIX B 

( Clauses 6.1.2 and 6.1.3 ) 

MAINTENANCE DATA ANALYSIS METHODS 

B-l. LOGNORMAL DISTRIBUTION 

B-l.l A random variable x has a lognormal probability distribution if the 
logarithm of the variable is distributed normally. The lognormal proba- 
bility density function is: 

If x is the individual maintenance time, then the probability density 
of y = log e x is normal, with mean 8 and variance cr*. The maximum 
likelihood estimators of 8 and <r 8 are given by: 

*-T 2 loge *' (2) 

i-1 



n 



U = — [ -r T n°ge *i- tf ) 2 ( 3 ) 

n — 1 ^ , 
i=l 

The variance of these estimators is respectively given by: 

V (0) = a»/n (4) 

V (ff2) « 2 <r* ( n - 1 ) (5) 

For 0, /► percent confidence interval is given by: 

(A A A A \ 

- h> n-i ff/V * , * + <p, n-i ff/V « / (6) 

where * p , Dwl is the /» fractile of the t distribution with ( n—\ ) 
degrees of freedom. 

For ff a , a p percent confidence interval is 

(jn -1)* t (ii-l)ff« ^ (7) 

where X s p , n -i is the p fractile of the X 2 distribution with ( n— 1 ) 
degrees of freedom and p\ ~p* = />. 

10 
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Several important moments and distributional properties of the log- 
normal distribution are presented below: 



Mean 


_ /V/2 


(8) 


Variance 


= /* + °* (.--i, 


(9) 


Median 


= geometric mean = «* 


(10) 


Mode 


^**-* a 


(11) 


p fractile 


= e § + £ p *>, where Zv * s normal deviate 


(12) 




Coefficient of variation = ( e — 1 ) 


(13) 



The lognormal is a positively skewed distribution, with degree of 
skewness increasing as <r a increases. From the above formulae, it is seen, 
that mode < median < mean. Because of the parameters 9 and tr 1 , the 
lognormal is a relatively flexible distribution. 

B-2. NORMAL DISTRIBUTION 

B-2.1 The probability density of the normal distribution is given by: 

/(*)- L^r^nr)', - oc < x < + cc (14) 

J K J (TV 2tt 

Parameter estimates are as follows: 

n 
a i ^ 

p = mean — — > x x (15) 

i - 1 

where, X\ = individual maintenance times 

n =: number of maintenance actions 

n 
a 1 ^^ A 

<r* = variance = ^rj ) ( x i ~ V )* ( l6 ) 

i=- 1 

A A 

The variances of p and or* for large sample sizes are given by: 

7 n 



V ( a 2 ) = 2 a* ( n - 1 ) 
11 



(18) 
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For f*, a/> percent confidence interval is given by: 

A A A A 

( V> — h> n-i a IV «> /* + *p> n-i o"/\/ n ) (19) 

where £ p , n _! is the /> fractile of the t distribution with ( n — 1 ) 
degrees of freedom. 

For a" 2 , a j& percent confidence interval is 

\ X 2 Pl ,n-i 1*) X a pa , n-i / 

where X B P() n _i is the p. fractile of the X 2 distribution with 
( n — 1 ) degrees of freedom and p ± — p 2 — />. 

The p fractile X^ is given by: 

Xv = ft + £p<r (21) 

where 

* " " (22) 

-^ s /2 <fe (23) 

Values for Zv mav De obtained from standard tables for the normal 
distribution. 

B-3. MULTIMODAL DISTRIBUTION 

B-3.1 Due to the non-homogeneous nature of the design for some items, the 
observed maintenance time distribution may be found to have two or more 
modes. Such cases may be identified if the composite data fails to pass a 
lognormal goodness-of-fit test. A further verification may be accomplished 
by separating the data into logical groups based on its design source and 
performing standard statistical tests to determine if the sample data groups 
came from different populations. If the populations are judged to be 
different and also determined to be individually lognormal, the procedures 
outlined in subsequent paragraphs may be used. If they are determined 
to be from different groups but not lognormal, the appropriate distribution 
form should be substituted for the lognormal distribution in the method 
outlined* 

12 
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The probability distribution function pdf, of a mixed distribution of 
N types of maintenance times is: 

/("*)« «i/i ( X) + +w N / N ( Z) where /i ( X ) is the 

/w^ of maintenance times of type i and m x + m, + m N — 1. 

The m\ values may be estimated by the relationship: 



2 



A, 

i - 1 
where 

Xi = failure rate of type i. 
Let the pdf of the *-th type of maintenance actions be denoted by: 

Iax) = Xdl/2- exp lr~tf ( Ioge * " h ^ (25) 

with mean hl «,<U+« ,/J (26) 

and variances v t = * M i + o , i' ( ^i l 1) (27) 

Then the pdf of the mixed distribution of maintenance times X is 

/ ( X ) = ihj/! {X) + + «n/n ( X ) (28) 

with mean ^ = % /*i + • + m N f*u (29) 

and variance » = m 1 ( 0i a + ^i a ) + -..+ m N( <?&,+ fj.%) — u s (30) 
The ^ fractile ^T p is determined by solving 

%^i ( *p ) + + "» N F N ( X p ) = /> (31) 

\ X 

for X p , where Fj ( X ) «= I f \ { Z ) dz is the distribution function of 

J o 

£-th type of maintenance action. 

Solution of this equation for X p may not be obtained in closed form 
but a numerical procedure may be u?ed. One simplified approach* based 



*I. Burr; A useful approximation to the Nor nal Distribution Function with 
Application to Simulation, Tecknometrics^ 9, 1967, pp 647-651. 

13 
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on a closed form approximation for the normal distribution is presented 
below: 

a) Choose a tolerance factor, TOL such that estimates of X p which 
yield percentile values differ by not more than TOL from the true 
value of p are acceptable ( for example, TOL — 0-005 ). 

b) Choose an initial value for X V) say X*. One possibility is the 
smallest p fractile of the N types of maintenance times. 

c) For each type of maintenance time, compute 

log e Z* 0, 



Zi = 



(32) 



0"i 
d) Calculate 

N 



r = a mi £ l + ( °' 644 669 3 + * 161 984 * ! ) 4 ' 874 J~ 6 * 158 

» =1 

e) If | Y - ( 1 - p ) I < TOL then X* 

is the estimated p-th percentile. (33) 

If the absolute difference exceeds the tolerance factor, repeat steps 

(c) and (d) with new values of X* t If Y < 1 — p, the next X* should 

be increased. If Y < 1 — p } Xp should be decreased. 

Example: 

Assume two types of maintenance, with the following lognormal 
parameters: 

Bx -= 3-0 1 = 1-0 

(Tj =r 0*5 ffj = 0*2 

»«! = 0*7 mi = 0-3 

The 90th percentile for the mixture is desired. Applying the above loga- 
rithm yields 90th percentile value of 34. 

B-4. DISTRIBUTION ANALYSIS METHODS 

B-4.1 Tests for the distribution form using the sample data may employ 
such techniques as Chi square, Kolmogorov-Smirnov, or graphical proce- 
dures employing special graph papers. Of these methods, the Kolmogorov- 
Smirnov or d-tcst is considered superior and will be described in more 
detail. 



•I. Burr; A useful approximation to the Normal Distribution Function with 
Application to Simulation, Technometrics 9, 1967, pp 647-651. 

14 
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The </-test is accomplished by plotting the hypothesized theoretical 
distribution ( for example, lognormal ) using, as appropriate, the observed 
data for parameter estimation ( for example, mean and standard devia- 
tion ). About this theoretical distribution, boundaries are constructed 
which are ± d probability units. Table 1 provides a limited set of the d values 
which are selected, based on data sample size and the level of significance 
(a ) for which the test is to be conducted. The observed data distribution 
is next plotted. If the observed function passes outside the boundaries at 
any point, then the hypothesized theoretical distribution is not consistent 
with the data. Conversely, if the observed function always remains inside 
the boundaries, the hypothesis concerning the underlying distribution can 
not be rejected. 

To illustrate the use of the technique, ane xample is provided. 
Table 2 presents a set of observed data which will be tested for the 
lognormal distribution. The natural log of each observed time was taken 
and the mean $ and the variance <j* of the log values computed. Using 
these values, a theoretical lognormal distribution was plotted in Fig. 1. 
Selecting a 5 percent significance level, with the sample size of ten, the 
tabled critical d value was found to be 0-41 ( see m Table 1 ). Since the 
estimates of 8 and <r s are used in generating the theoretical distribution, 
this value is corrected by multiplying it by 0-67 yielding a result of 
d = 0*295. 

The observed maintainability function was calculated by the use of 
the non-parametric equation: 

where 

Xjc == observed time of the £th ordered maintenance action, 

A 

F ( X k ) — estimated probability that a maintenance action is com- 
pleted within X fc time units, and 

n — number of observed maintenance actions. 

Figure 1 shows the dbserved and theoretical distribution along with the 
Kolmogorov-Smirnov boundaries. It is seen that the observed distribu- 
tion falls within the boundaries indicating that the data could have arisen 
from a lognormal population with a parameter 6 = 3*19, a — 0*358. 

JS 
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TABLE 1 CRITICAL VALUES OF d, KOLMOGOROV-SMIRNOV TEST 








( Clause B-4.1 ) 








Sl No. Sample 






Level of Significance ( <* 


) 




Size 


_ .. 




. j^_ 












0*15 


o-io 


0-05 




0*01 


(0 (2) 




(3) 


(4) 


(5) 




(6) 


i) 5 




0-474 


0*510 


0-565 




0*669 


ii) 10 




0*342 


0*368 


0*410 




0*490 


iii) 15 




0-283 


0*304 


0-338 




0*404 


iv) 20 




0-246 


0*264 


0*294 




0*356 


v) 30 




0-20 


0*22 


0*24 




0*29 


vi) 40 




0*18 


0*19 


0*21 




0*25 


vii) 50 




0*16 


0*17 


0M9 




0*23 


viii) Over 50 




1-14 


1*22 


1-36 




1-63 






ViT 


vr 


vr 




vt 



Note — The d values shown are based on a complete specification of the 
hypothesized distribution. If sample data is used to estimate the parameter (s), 
multiply the tabled lvalue by 0*80 for testing the exponential and by 0*67 for testing 
the normal distribution. 



THEORETICAL 




TIME { MINUTES) 
Fig. 1 Example Distribution Analysis 
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IS t 9692 ( Part 7 ) - 19M 





TABLE 2 SAMPLE MAINTENANCE DATA SET 




( Clause B-4.1) 






Rank, k 


Observed In ( -Yk ) 
Timk X* 


F ( Xu ) Cumula- 
tive 
probability 


(1) 


(2) 


(3) 


(4) 


i) 


10 


2*30 


0*091 


«> 


15 


2-70 


0-182 


Hi) 


17 


2*83 


0*273 


iv) 


18 


2*89 


0*364 


v) 


20 


300 


0-454 


vi) 


22 


3*09 


0*548 


vii) 


27 


3*30 


0*636 


viii) 


35 


3*56 


0*767 


ix) 


50 


3-91 


0*818 


*) 


75 


4' 32 


0*909 



Mean ( X ) = 28"9 minutes. 

Mean = ( ) => 3*19 r . 

Variance ( ff i ) _ 0358 \ t,me bein * S iven in minute »- 



17 



APPENDIX C 

(Clause 7.2) 

ACTIVE REPAIR TASK DATA SUMMARY FORM 



Task Unit Fault 

Number Reference 



Name 



I 


LRA*-1 


CR-1 


2 


LRA*-1 


C-24 


3 


LRA*-5 


. 



Number 

of Men 



Active Repair Time Sub Elements ( Hours ) 

. * __ 



Diagnosis Techni- 
cal 
Delay 



0*2 
0*7 



0-1 
0'2 



Resto- 
ration 

0*1 
0*2 



Check Total 



0*1 
0-2 



0-5 
1-3 



Man- 
hours 

0*5 
2*6 



CO 



Unit 
Reference 


Diagnosis Time 
Avg. Std. Dev. 


LRAM 


0*2 0*05 


LRA*-5 


0*7 0-1 



APPENDIX D 

{Clause 7.2) 

ACTIVE REPAIR TIME SUMMARY FORM 

Technical Delay Restoration Time Final Check Time Total Time 

t A — ■ \ < A * t * > / ^ — * 

Avg. Std. Dev. Avg. Std. Dev. Avg. Std. Dev. Avg. Std. Dev. 

0*1 0*05 0*1 0*05 0*1 0-05 0*5 0'05 

0*2 0-05 0"2 0*05 0*2 0*05 1*3 0*09 



*LRA — Line replaceable assembly. 



APPENDIX E 

{Clause 7.3) 

PREVENTIVE MAINTENANCE SUMMARY 

Task Description 



Task Unit 
Number Refe- 
rence 



1 LRA-1 Glean Air Filter Every 

( Part No. 627 ) 500 hours 

2 LRA-1 Replace Brushes Every 

( Part No. 123 ) 2 000 hours 



Specified 


Task 


Number 


Manhours 


Active 


Task 


Proc. Rep.* 


Men Req. 




Preven- 


Frequency 








tive 
Mainte- 
nance Time 



A-l 



A-2 



05 



1-5 



0*5 



0'75 



W> 



♦Reference to detailed description of preventive maintenance task procedure. 






APPENDIX F B 

( Clause 7.4 ) <© 

EXAMPLE OF MAINTENANCE SUPPORT DATA ^ 

Item Reference . Date ^ 

Item Description __ *»* 



Item Function 



Maintenance Concept 



1 raining Conditions 



Special Tools, Test or Support Equipment Used 



Technical Documentation Used, 



ITEM MAINTENANCE CONDITIONS 



Reference Description Line of Type Personnel Support Task Manhoubs Total 

Number Maintenance Action Skill Equipment Frequency Per Task Manhours 



